This study was aimed at determining the performance of some indices and community attributes frequently used to assess river quality and test the role of macroinvertebrate taxa richness as element of bioindication in several coastal tropical streams of western Esmeraldas (Ecuador). In addition, a macroinvertebrate taxon list of this region was provided for the first time. Thirteen sampled points distributed across nine streams were selected for this study and nineteen parameters and attributes of bioindication were tested. The differences between nonimpact and impact places were evaluated mainly using one-way analysis of variance. Jackknife 2 and Clench were used to estimate the regional richness and the quality of the inventory, respectively. Seventy taxa (principally genus and family) of the main groups of macroinvertebrates were collected. Measured richness and family richness were the best metric followed by Biological Monitoring Working Party/Colombia (BMWP/Col), Odonata richness, Shannon-Weiner, and EPT richness (Ephemeroptera + Plecoptera + Trichoptera) indices. Only a slight right trend (Ephemeroptera, Trichoptera, and Chironomidae attributes) or incorrect performances (Average Score Per Taxon (ASPT) and % EPT) were showed by frequently used metrics. Finally, several recommendations were made about taxonomic level used, the ranks of quality of taxa richness, and the effort-results relationship in the field of bioindication.
Introduction
Global change, population growth, and industrial development are currently exerting great impacts on natural ecosystems, especially on aquatic systems [1] . Agricultural practices, livestock and domestic discharges, the felling of trees, exotic species introductions, and direct erosion have caused increase in the organic matter and suspended solids in water, resulting in strong alterations in the ecological functioning of aquatic systems [2] . Coastal river basins are among the most dynamic aquatic ecosystems on earth, with enormous spatial and temporal complexity, but they are often influenced by continental run-off waters which are rich in nutrients derived from urban, agricultural, and industrial activity [3] . The causes and effects of pollution in tropical rivers have been studied by several researchers, mainly with respect to particulate and suspended matter, the chemical dynamics in waters connected with organic matter content, nutrient loading, and pH [4] . In Latin America, such rivers pass through a strong water quality degradation gradient due to increasing exploitation of the resources and the excessive water pollution [5] , especially in Ecuador where only 5% of the wastewater in the region is subjected to some type of treatment. This is surprising since the water law establishes the prohibition of sewage discharges in rivers and lakes (in Title II of the Conservation and Water Pollution Chapter II Article 22) . The province of Esmeraldas (Ecuador) is not exempted from these impacts. In recent decades, its rivers 2 International Journal of Ecology have been severely altered by numerous human activities, such as oil and fuel spills, sewage and industrial waste disposals, introduction of alien species, and illegal extractive activities [6] . In addition, there is no consistent wastewater treatment system in the region.
It is, therefore, necessary to use tools that can reveal the overall effect of human impact on the aquatic ecosystem [7] . Benthic macroinvertebrates have been considered as excellent indicators of water quality. Their study is a key to the work of bioindication and evaluation of the aquatic ecosystem [8] and they constitute the most suitable group of organisms for evaluating river water quality for organic contamination [9] . There are several studies that have used macroinvertebrate communities to assess the effect of organic waste on the coastal streams of South American countries. Most of them have been carried out in Colombia [10] , Chile [9] , Argentina [11] , Uruguay [12] , Peru [13] , Brazil [14] , and Bolivia [15] but still few in Ecuador [5, 16] and none on its tropical coastal streams. There are two large groups of techniques used to assess the biological quality using macroinvertebrates: community attributes and biological indices [17] . The use of simple metrics based on several community attributes, such as taxa richness or number of taxa of some selected groups of organisms, is a widely adopted technique in South America (e.g., [13, 18] ), but its performance must still be tested in these regions due to the latitudinal and longitudinal patterns of taxa [19] and their wide distribution range [20] . On the other hand, among all the biological indices developed to measure the river quality, the most commonly used are those based on the Biological Monitoring Working Party (BMWP) [21] . The BMWP has been adopted in many countries such as Spain (IBMWP [22] ) or Australia (SIGNAL [23] ). In South America also, there are several examples of its application in biomonitoring [24] , for example, in Patagonian Andes region (IAP and BMPS [25] ), Argentina [26] , Colombia (BMWP/Col [10] ), Brazil [27] , and Andean region of Peru, and Ecuador [16] . However, in Ecuador for its coastal tropical rivers, neither these indices have been adopted nor any study has been made on its performance. Despite this, these are widely used by environmental technician and auditors in several studies, even though these versions were developed for Europe [28] .
The aim of this study was to test the performance of some of the most commonly used macroinvertebrate indices and community attributes to assess the water quality of coastal tropical streams of western Ecuador. In addition, for the first time, a macroinvertebrate taxon list of these systems will be provided for the above-mentioned fluvial systems and region. The main purpose of this paper is to establish more adequate techniques and recommendations using macroinvertebrate to devise a suitable management strategy for the aquatic resources (when the Ecuadorian legislation is applied). At the same time, there is also an interest in directly verifying the role of biodiversity as an environmental assessment measure. The majority of these evaluation techniques are based on the sensitivity and tolerance of macroinvertebrates to pollution. But we think and predict that in Ecuador, one of the areas with the greatest biodiversity in the world, other attributes relating to the community structure, such as taxa richness, should also have good performance.
Materials and Methods

Study Area.
Thirteen sampling points distributed across nine streams were selected for this study ( Figure 1 ). All of them are located in the province of Esmeraldas, Ecuador (South America). The area is located in the dry tropical forest life zone [29] on the west pacific coast, where shallow and short streams with variable seasonal flow are predominant [30] . Table 1 shows some characteristics of these streams and the presence or absence of human impact.
Macroinvertebrate Sampling.
Sampling at all the points was done once in October 2012 to coincide it with the dry season, the recommended period to carry out bioindication studies in this region [31] . Benthic macroinvertebrate samples were collected with a pond net (FBA standard, mesh size 500 m) following a multihabitat time-limited sampling [32] . Each point, proportionally distributed among the main habitats in the river, was sampled during three minutes' time [33] , although in all cases the predominant substrate was of gravel, stones, and rock (hard substrate). Macroinvertebrates were separated and counted under a binocular microscope (10x) and identified to genus (60%) and family (40%) levels. The principal guides and books used were by Fernández and Domínguez [34] and Holzenthal et al. [35] .
Metric Selection.
We compared the performance of 19 parameters frequently used to assess river quality ( Table 2) . We calculated the total abundance and richness of the macroinvertebrate community as well as the percentage of abundance and richness of the most relevant taxa used for bioindication [17] . Diversity
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Abbreviations for study areas are as in Table 1. was estimated using the Shannon-Wiener index. In addition, we calculated BMWP/Col [10] , Average Score Per Taxon (ASPT) [22] , and EPT (richness and percentage of Ephemeroptera + Plecoptera + Trichoptera) indices, also widely used in South America to assess the rivers quality. On the other hand, a cornerstone was to assign the locations with and without impacts, the types of impact, and their degree. We chose river points distant from large populations and the effect of industrial activity, considering only the impact of little urban-domestic activities and livestock-agricultural at small scale, all of them without wastewater treatment system [6] . Assigning a level of impact in these rivers basin is almost impossible; therefore, we established two realistic and more practical situations:
4 International Journal of Ecology without impact (Non-IMP) (without any influence of human impact) and with impact (IMP) (with some degree of very slight human impact, e.g., discharge of isolated farms and presence of sparse cattle or people frequently doing little domestic cleaning in the littoral waters).
Richness Estimation.
In addition to observed richness of macroinvertebrate, measures of estimated richness were calculated using nonparametric methods [36, 37] . In the present study, Jack 2 [38] was used to estimate the regional richness of a number of samples (13 rivers point) to obtain real percentages of the fauna collected in each of the streams (Table 2 ). It was calculated over 100 randomized iterations of the species accumulation using EstimateS ver. 8 [39] . In addition, we used the asymptotic accumulation function of Clench to obtain information about the quality of our inventory [38] .
Data Analysis.
The responses of the several metrics and indices to assess the streams quality were graphically explored by means of box plots, showing mean value, standard error, and standard deviation of the metrics within each river category (IMP and Non-IMP). One-way analysis of variance (ANOVA) was applied to detect significant differences ( < 0.01). The assumptions of normality and variance homogeneity were tested using the Kolmogorov-Smirnov and Levene's tests, respectively. The statistical processing was performed with the STATISTICA 6.0 package. In addition, we used significant Pearson and Spearman's correlation ( = 0.05) to test the degree of relationship between variables.
Results
Macroinvertebrate Community.
We collected 70 taxa from the 13 sampled points, finding high total abundance (4365 organisms). Table 3 includes a list of the taxa collected in the study area; it is the first report on the aquatic benthic invertebrates in this region. Figure 2 shows the differences in the responses of the studied metrics between impact (IMP) and nonimpact (Non-IMP) river points. Only the taxa and index significantly differing from these two situations are represented. In addition, attributes classically used and relevant for the aims of this study have also been included in order to keep useful information. The values of all indices and attributes in each sampled point are presented in Table 2 . Measured richness and family richness were the best metrics to discriminate between impact and nonimpact places showing strong significant differences ( = 0.000023 and = 0.00028, resp.). BMWP/Col and S-W indices also showed significant differences, although less powerful than the previous ( = 0.0012 and 0.025, resp.).
Response of the Metrics.
Richness Estimation.
The nonparametric estimator Jack 2 predicted a high value of regional richness for the study area (93 taxa) (Figure 3 ). We assume that this value could be used as a reference to calculate the percentage of real fauna collected in each river (Table 2) , due to the fact that the distance between sampling points is not very high (Figure 1 ) and the orographic is very smooth. Only the nonimpact places presented values higher than 25%. On the other hand, the parametric estimator Clench estimated a value of regional richness slightly larger than the observed richness (84 taxa) and we tested the inventory quality from its parameters: a (30.3427), b (0.3625), and determination coefficient (0.998). Only 83% of the total taxa were collected according to Clench estimations and 53 sampling points would be required to collect 95% of the total taxa.
Discussion
The results showed the importance of taxa richness, the principal and simplest structural property characterizing the macroinvertebrate community [40] , to reflect the effects of human impact on coastal tropical streams. Measured richness and family richness were the best metrics to discriminate between impact and nonimpact places and, in the analysis of each of the macroinvertebrate orders, only EPT and Odonata richness proved to be suitable. Moreover, this study highlights the right performance of adoption of the classic index BMWP to Colombia (BMWP/Col [10] ) and Shannon-Weiner indices. The good performance of these two biological indices is in accordance with our expectations and other studies [24, 41] , as well as EPT richness that decreases with the drop of water quality [42] and Odonata richness, showing the same negative response [43] . Nevertheless, it may come surprising that richness had better results than these classic metrics, due to occasional poor sensitivity and high variability of the simplest metrics showing disturbances of low intensity or frequency [20] . In spite of this, taxa number has been successfully used in bioindication throughout the world for a long time, that is, in South America [16] , North America [44] , Africa [45] , and Europe [46] . Why does richness perform adequately here? Ecuador has the highest biotic diversity per unit area among the South American countries [47] . In particular, western Ecuador harbors an exceptionally rich biota and consequently is listed by Conservation International as one of 25 global biodiversity hotspots [48] ; this is made evident by the high number of taxa found in this study (70 taxa in only 53 minutes of sampling). The greatest biotic richness is frequently found in small and medium sized streams, as the ones in our study, where environmental variability, mainly in temperature, might be large, consequently creating a high number of niches [49] . Not intense human disturbances could affect more hardly the quality and integrity of several functional niches than in other lotic system types. Moreover, in temperate regions where most studies that reflect the uncertain performance of richness in bioindication have been carried out (see [50] ), it is possible that a slight disturbance only lowers abundance but not necessarily richness [51] . Cautious analysis will be needed after, since tropical streams differ from their temperate counterparts in many characteristics, including evolutionary history, precipitation patterns, and water temperature, indicating that theories developed mainly for the temperate region may not apply to tropical regions [52] . Regardless of the possible causes and conjectures for this subject and according to the results of this study, we recommend taxa richness as the principal tool considered to reflect human impact, even in front of the classical indices used for this purpose. Furthermore, the same substratum type of the rivers included in this study (Table 2 ) minimized the effects of this variable on richness, despite the fact that it used to be commonly found in other studies as important. Also we suggest it to be used as baseline for the management and conservation of these types of lotic systems. In addition, this is the first report of performance of BMWP/Col test in the area, appearing together with S-W and EPT richness as adequate options for bioindication.
On the other hand, metrics frequently used on bioindication studies, here only showed a slight right trend (Ephemeroptera, Trichoptera, and Chironomidae attributes) or incorrect performance (ASPT and % EPT). Both mayflies and caddisflies are sensitive to environmental stress [17] . However, their use in bioindication should be carried out considering the geographical patterns of taxa distribution and their adaptation to environmental conditions. Several orders and families of macroinvertebrates in South America show different altitudinal and latitudinal distribution patterns. For example, the diversity of families and genera of order Plecoptera in southern areas of the continent increases in most Equatorial areas, and even within Equatorial areas there are specific altitudinal variations in the same taxa [19] . The latitudinal gradient in diversity is one of the most pervasive patterns characterizing life on earth. Unfortunately, our understanding of how taxonomic richness of stream invertebrates related to latitude is poor [53] , affecting undesirably the correct use of these metrics to assess the quality status of streams in this region. In addition, the tolerance to perturbations of taxa adapted to different environmental conditions can be variable [17, 54] and using order or even family information can be incorrect, thus adversely affecting the results on the ecological quality. There are some taxa which are widely distributed (e.g., Anacroneuria, Baetodes, Thraulodes, Leptohyphes, and Hydroptila) with different adaptation types according to the environmental inhabitation. Consequently, assigning average value of tolerance for them could lead to erroneous result of quality. Therefore, we suggest that, although they showed suitable performance here (but not significant), the use of Trichoptera and Ephemeroptera taxa as bioindication parameters in this region must be taken only as complement and reinforcement to the previously discussed techniques. More extensive studies of latitudinal and adaptation partners of these taxa in South America would be necessary to get to the bottom of their real performance on stream bioindication. Regarding Chironomidae, it is known that they are frequently more abundant in locations affected by organic effluents, although only half of chironomids taxa follow this pattern [45] . We believe this might be the case in the present study. However, our taxonomic identification level for chironomids does not allow identifying which species are being affected by water quality, showing only one trend. Chironomidae does not seem to be a good indicator of water quality, unless it includes the exact percentage of sensitive taxa. Finally, a high ASPT is considered indicative of a clean site containing large numbers of high scoring taxa [21] . However, other authors question the reliability of ASPT [55] due to the fact that this index displays the average tolerance of all taxonomic groups represented within the study site but does not take into consideration their relative numbers. Moreover, in fluctuating streams where some orders as Plecoptera are less abundant, the use of these metrics cannot be suitable [11] . In this study, neither the use of ASPT nor the % EPT can be proposed, because they showed the contrary trend of performance in terms of bioindication. More thorough research about these indices in this region to assess their suitable use must be carried out in the future.
Finally, to properly recommend the use of taxa richness as principal parameter of bioindication, we must mention three fundamental aspects. The taxonomic level used, the ranks of quality, and the effort-results relationship. It has been widely discussed what the best taxonomic level used for bioindication studies is [56] . While it is true that the best level used would be species, taxonomic studies of some taxa make practically unviable work in many countries due to high economic cost required in training the specialist taxonomists, especially in Diptera (and particularly Chironomidae) [13] . An appropriate balance between quality outcomes and time is adjusted using the family as taxonomic level. By doing so, the advantages of macroinvertebrates as bioindicators are maintained at this level and thus it is recommended in many of protocols and studies also [11] . In some cases, including the present research, different taxonomic levels are used, for example, genus in Trichoptera, Plecoptera, and Ephemeroptera and family in Diptera [20] . In this study more than 50% of taxa were identified up to genus, which has been taken as a feasible and reliable surrogate of species richness [40] . On the other hand, the most used indices on bioindication have quality ranges for their values. Mason [57] and Chapman [7] classify water quality as good where BMWP and ASPT exceed 100 and 4.3, respectively. ShannonWiener values lower than 1.5 are considered as low diversity, between 1.6 and 3.0 as medium diversity, and higher than 3.1 as high diversity [40] . In this study we propose a richness measure percentage value to indicate human alterations in these streams. Only the nonimpact places present values over 25%; therefore, we recommend that the sampled points showing taxa richness under 25% of true regional richness are considered as altered by anthropogenic impact on future evaluations. This regional richness, provided that we can assume that all streams could have all taxa, will be obtained with Jack 2 nonparametric estimator and at least with four samples of three minutes each, the minimum to achieve the observed regional richness (Figure 3) . This is only a first proposal to correctly use this simple metric regarding ranks and limits of quality. Furthermore, according to Clench, we collected 83% of the existing taxa carrying out only samplings of three minutes in each place. We think that it is an acceptable value on bioindication studies; besides, 40 more samples of the 13 listed in this study would be necessary to catch up 95% of the overall samples (only 120 extra minutes to collect 12% more).
This study seeks to make the baseline of use of taxa richness as bioindicators and presents the first taxon list of this region. The limited sample numbers that we were able to get, due to social conflicts and other risks of the study area, do not allow reaching conclusions that are widely extrapolated to other areas; consequently, simple speculations of the possible causes can be made. Nonetheless, we believe that these results are clear enough and statistically significant to recommend which attributes, from those largely used, and how they must be utilized as quality indicators for these streams. Through this study a great path is opened to research and establish the baseline to develop a multimetric index that includes metrics suitable for this region (principally taxa richness, EPT richness, S-W, and BMWP/Col or an own adaptation of this to study area) and the design of a sampling protocol including the most robust richness estimator, both nonparametric (Jack 2) and parametric (Clench), to establish sampling times and value ranks for the several used attributes.
